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PURPOSE: To obtain a device with which position detection 
with high accuracy is possible even for alignment marks having a 
low difference in level by detecting the position of the marks in 
accordance with the first position information of the mark image 
in a first defocusing state and the second position information 
of the mark image in a second defocusing state. 
CONSTITUTION: The marks of the low difference in level having 
a height of, for example, several 10nm or below are commanded 
via a keyboard 26 in such a manner that the luminous flux for 
illumination regulated by a means 27 for regulating the opening 
state of illumination has the smallest possible illumination. The 
first position information of the mark image is detected in the 
first defocusing state in which the contrast higher than the best 
focusing state is obtainable. The second position information of 
the mark image is similarly detected in the second defocusing 
state in which the contrast higher than the contrast in the best 
focusing state is obtainable. As a result, the influence of the 
displacement of the telecentric property in accordance with the 
first and the second position information according to the first 

and the second defocusing state is corrected and the detection of the mark positions with the high 
accuracy is made possible. 
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The appts. has an image formatting optical system that forms a mark image based 
on the reflection of light that is irradiated towards the mark of a substrate. A mark po- 
sition detector detects the mark position based on first position data in the first defocus 
state of the mark image detected by an image detector. 

A focus controller controls the focus state of the mark image. The first defocus 
state is based on a second defocus state of second position data. 

ADVANTAGE - Provides high precision when detecting mark position. (12pp 
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N97-101245 U11-C04 U11-C04B2 




X 7 - : J> 


e 




C 


\ 

24 




\ ' 








25 




1 



3r- *C- K 



25 



26 



i 6 to(dxwh43> 



1 



Japanese Patent Application Laid-open No. 09-006017 

[Title of the Invention] 

Alignment Unit 

5 

[0013] 

[Preferred Embodiment of the Invention] The embodiments 
of the present invention will be described based on the 
drawings attached hereto. Fig. 1 schematically 

10 illustrates a configuration of an alignment unit relating 
to a first embodiment of the present invention. Note that 
this embodiment is an example in which the present 
invention is applied to an alignment unit for projection 
exposure apparatus. In Fig. 1, a Z axis is set parallel 

15 with respect to an optical axis of a projection optical 
system PL of a projection exposure apparatus, an X axis 
is set in a direction parallel to a paper surface of Fig. 
1 within a plane perpendicular to the optical axis, and a 
Y axis is set in a direction perpendicular to the Z axis 

20 and the X axis. 

[0014] The projection exposure apparatus as shown 
comprises an illumination optical system for exposure 
(not shown) for uniformly illuminating a reticle R with 
appropriate exposure light. The reticle R is supported 

25 almost parallel to an XY plane on a reticle stage 1, and 
a circuit pattern to be transferred is formed on a 
pattern area PA of the reticle R. Light transmitted 
through the reticle R reaches a wafer (or glass plate ) W, 



which is a photosensitive substrate, via the projection 
optical system PL, and a pattern image of the reticle R 
is formed on the wafer W. 

[0015] Note that the wafer W is supported almost parallel 
to the XY plane on a Z stage 22 via a wafer holder 21. 
The Z stage 22 is configured to be driven along the 
optical axis of the projection optical system PL by a 
stage control system 24. Further, the Z stage 22 is 
supported on an XY stage 23. The XY stage 23 is 
configured to be driven two-dimensionally within the XY 
plane perpendicular to the optical axis of the projection 
optical system also by the stage control system 24. 
[0016] When projection exposure is performed, it is 
necessary to perform optical positioning (alignment) to 
align the pattern area PA and each exposure area on the 
wafer W. Therefore, a position on a reference coordinate 
system of a step mark for alignment formed on the wafer W, 
i.e. a wafer mark WM is detected, and alignment is 
performed based on the positional information. Thus, in 
order to detect the position of the wafer mark WM and 
perform alignment, the alignment unit of the present 
invention is used. Note that the wafer mark WM may be two 
one-dimensional marks being independent of each other and 
having periodicity in an X direction and a Y direction 
respectively, or may be a two-dimensional mark having 
periodicity in the X direction and the Y direction. 
[0017] The alignment unit of the first embodiment shown 
in Fig. 1 comprises a light source 3 such as a halogen 



lamp to supply illumination light (alignment light AL) . 
Light from the light source 3 is guided to a 
predetermined position via a light guide 4 such as 
optical fiber. Illumination light exited from an exit end 
of the light guide 4 is regulated by an illumination 
opening state regulating means 27 such as mechanical 
aperture diaphragm, then becomes an illumination beam 
having appropriate sectional shape and is incident on a 
condenser lens 29. 

[0018] The alignment light AL having passed through the 
condenser lens 29 is once condensed, and then incident on 
an illumination relay lens 5 via an illumination field 
stop (not shown) . The alignment light AL having become 
parallel light via the illumination relay lens 5 is 
incident on a first objective lens 7 after passing 
through a half prism 6. The alignment light AL condensed 
by the first objective lens 7 is reflected off a 
reflecting surface of a reflective prism 8 downward in 
the drawing, and then illuminates the wafer mark WM 
formed on the wafer W. 

[0019] As have been described above, the light source 3, 
the light guide 4, the illumination opening state 
regulating means 27, the condenser lens 29, the 
illumination field stop (not shown) , the illumination 
relay lens 5, the half prism 6, the first objective lens 
7, and the reflective prism 8 make up an illumination 
optical system for irradiating the wafer mark WM with 
illumination light . 
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[0020] Out of the illumination light, the light reflected 
off the wafer mark WM is incident on the half prism 6 via 
the reflective prism 8 and the first objective lens 7. 
The light reflected off the half prism 6 upward in the 
5 drawing forms an image of the wafer mark WM onto an index 
plate 12 via a second objective lens 11. The light from 
this mark image is incident on an XY split half prism 15 
via a relay lens system (13, 14). Then the light 
reflected off the XY split half prism 15 is incident on a 
10 CCD 16 for Y direction and the light transmitted through 
the XY split half prism 15 is incident on a CCD 17 for X 
direction . 

[0021] As have been described above, the reflective prism 
8, the first objective lens 7, the half prism 6, the 

15 second objective lens 11, the index plate 12, the relay 
lens system (13, 14), and the half prism 15 make up an 
imaging optical system for forming a mark image due to 
the light reflected off the wafer mark WM out of the 
illumination light. And, the CCD 16 for Y direction and 

20 the CCD 17 for X direction make up an image detecting 
means for detecting the mark image formed via the imaging 
optical system. 

[0022] In the above manner, on an image pickup surface of 
the CCD 16 for Y direction and of the CCD 17 for X 
25 direction, a mark image is formed together with an index 
pattern image of the index plate 12. Output signals from 
the CCD 16 for Y direction and the CCD 17 for X direction 
are supplied to a signal processing system 18. Further, 



positional information of the wafer mark WM obtained by 
signal processing (waveform processing) in the signal 
processing system 18 is supplied to a main control system 
25. 

[0023] The main control system 25 outputs a stage control 
signal to the stage control system 24, based on the 
positional information of the wafer mark WM from the 
signal processing system 18. The stage control system 24 
appropriately drives the XY stage 23 according to the 
stage control signal, and performs alignment of the wafer 
W. Note that to the main control system 25, a setting 
instruction with respect to the illumination opening 
state regulating means 27 is supplied via an input means 
26 such as a keyboard. The main control system 25 drives 
the illumination opening state regulating means 27 via a 
drive system 28 based on the setting instruction, and 
regulates an illumination opening state of the 
illumination light to a desirable state. 

[0024] With respect to a step mark having an ordinary 
height, the instruction is supplied via the keyboard 26 
so that the illumination beam regulated by the 
illumination opening state regulating means 27 has the 
greatest possible illumination a. Also, on a wafer side 
focus plane of the first objective lens 7, i.e. on an 
object plane of the imaging optical system, the wafer 
mark WM is positioned. Thus, on an image pickup plane of 
the CCD 16 for Y direction and of the CCD 17 for X 
direction, a mark image is formed in a best focus state 



(focused focal state) . And, based on this mark image, a 
position of the wafer mark WM is detected using, for 
example, a method of EGA (Enhanced Global Alignment) . 
Note that since the method of EGA is described in detail 
in the Japanese Patent Application Publication No. 61- 
044,429 and the Japanese Patent Application Publication 
No. 62-084, 516, the details will be omitted in this 
description. 

[0025] Meanwhile, with respect to a low step mark having 
a height, for example, not more than several tens hm, the 
instruction is supplied via the keyboard 26 so that the 
illumination beam regulated by the illumination opening 
state regulating means 27 has the smallest possible 
illumination a. Also, from a wafer side focus plane of 
the first objective lens 7, i.e. from an object plane of 
the imaging optical system, the wafer mark WM is shifted 
a predetermined distance (a defocus amount) along the 
optical axis AX of the imaging optical asytem. In this 
case, on an image pickup plane of the CCD 16 for Y 
direction and of the CCD 17 for X direction, a mark image 
is formed in a defocus state. 

[0026] Fig. 2 shows figures showing light intensity 
distributions of a mark image in a defocus state and in a 
best focus state with respect to a wafer mark WM having a 
low step. Note that (a) shows a cross section of the 
wafer mark WM having a low step. The wafer mark shown in 
the drawing is a periodic mark which is made up of a 
trough portion (S) and a peak portion (L) alternately 



formed at a pitch P, for example, along an X direction. 
[0027] Meanwhile, (b) shows a light intensity 
distribution of a mark image in a defocus state (Z=AZ) , 
i.e. a rear focus state, in which the wafer mark WM is 
moved upward in Fig. 1 by AZ from a focus plane along the 
optical axis AX. And, (c) shows a light intensity 
distribution of a mark image in a best focus state (Z = 0) 
in which the wafer mark WM is positioned on a focus plane 
Further, (d) shows a light intensity distribution of a 
mark image in a defocus state (Z=-AZ), i.e. a front focus 
state, in which the wafer mark WM is moved downward in 
Fig. 1 by AZ from a focus plane along the optical axis AX 
[0028] As shown in Fig. 2, with respect to a low step 
mark, contrast of a mark image in a best focus state 
(Z=0) is low, and contrast of the mark image in a 
predetermined defocus state is maximum, as have been 
described in a section of [Operation] of the present 
invention. Thus, in the present embodiment, a position of 
the mark image having high contrast in a front focus 
state of Z=-AZ is obtained as a first positional 
information. And, a position of the mark image having 
high contrast in a rear focus state of Z=AZ is obtained 
as a second positional information. 

[0029] Note that contrast of a mark image in the front 
focus state of Z=-AZ and in the rear focus state of Z=AZ 
does not need to be maximum. It is important in the 
present embodiment that contrast of a mark image in the 
front focus state of Z--AZ and in the rear focus state of 



8 

Z=AZ is substantially higher than contrast of a mark 
image in a best focus state. 

[0030] Thus, based on a mean value of the first 
positional information and the second positional 
information obtained, a position of the wafer mark WM is 
detected. In this manner, by using the mean value, the 
influence of telecentric shift accompanying the front 
focus state of Z=-AZ and the influence of telecentric 
shift accompanying the rear focus state of Z=AZ are 
cancel out each other and a position of the wafer mark WM 
can be detected with high accuracy. 

[0031] Note that it is not always necessary to move the 
wafer mark WM along the optical axis AX, in order to form 
a "rear focus state and a front focus state as stated 
above. For example, a desirable defocus state can be 
formed also by moving the first objective lens 7 or the 
second objective lens 11 back and forth along the optical 
axis AX. In addition, by moving the relay lens system (13, 
14) back and forth along the optical axis AX, a desirable 
defocus state may be formed. In this case, by integrally 
moving the index plate 12 and the relay lens system (13, 
14), the index plate 12 and the relay lens 13, or the 
index plate 12 and the relay lens 14, . contrast of an 
index pattern image on an image pickup plane of CCD is 
not affected by defocus. 

[0032] Further, the image pickup planes of the CCD 16 for 
Y direction and the CCD 17 for X direction may be moved 
back and forth along the optical axis AX. Also, a 



desirable defocus state may be formed by inserting and 
removing an optical member (i.e. a member for changing an 
optical path length) in an optical path of the imaging 
optical system, or by electrically changing a refractive 
index of the optical member disposed in the optical path 
of the imaging optical system. Further, as an 

illumination opening state suitable for detecting a low 
step mark, in addition to a method of making the 
illumination a small, a method of forming a ring-shaped 
or quadrupole modified secondary light source is also 
available. In this case, a configuration is desirable in 
which a mechanical aperture diaphragm having a shape as 
shown in Fig. 3 can be automatically replaced on a pupil 
plane of the illumination optical system. 

[0033] Fig. 4 illustrates a part of a configuration of an 
alignment unit related to a second embodiment of the 
present invention. Note that the alignment unit in the 
second embodiment has a similar configuration to the 
alignment unit of the first embodiment, and other parts 
than the configuration shown in Fig. 4 are same as the 
configuration in the first embodiment. In the second 
embodiment, an optical path is split by another half 
prism 45 disposed in the optical path between the lens 14 
and the XY split half prism 15, and two image pickup 
detection systems are additionally disposed in a split 
optical path, which is basically different from the first 
embodiment. In Fig. 4, the same references are labeled to 
the elements having similar functions to the elements of 
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the first embodiment. 

[0034] As in the foregoing description, in the alignment 
unit in Fig. 4, the half prism 45 is disposed in the 
optical path between the relay lens system (13, 14) and 
5 the XY split half prism 15, as a light dividing means. 
Therefore, light from a mark image which is incident on 
the half prism 45 via the relay lens system (13, 14) is 
divided into two. In other words, light transmitted 
through the half prism 45 is incident on a first XY split 
10 half prism 15. Then, light reflected off the first XY 
split half prism 15 is incident on a first CCD 16 for Y 
direction and light transmitted through the first XY 
split half prism 15 is incident on a first CCD 17 for X 
direction. 

15 [0035] Meanwhile, light reflected off the half prism 45 
in a left side direction of the drawing is incident on a 
second XY split half prism 15' . Then, light transmitted 
through the second XY split half prism 15' is incident on 
a second CCD 16' for Y direction, and light reflected off 

20 the second XY split half prism 15' is incident on a 
second CCD 17' for X direction. Note that, as shown in 
Fig. 4, the alignment unit comprises an optical path 
length correction member 4 6 which is switchablly disposed 
in the optical path between the half prism 45 and the 

25 first XY split half prism 15, or in the optical path 
between the half prism 45 and the second XY split half 
prism 15' . 

[0036] In other words, when detecting an ordinary step 



mark, as shown in dash lines in the drawing, the optical 
path length correction member 46 is positioned in the 
optical path between the half prism 45 and the first XY 
split half prism 15. As a result, a mark image having 
high contrast is detected in a best focus state by both 
of the first CCD 16 for Y direction and the first CCD 17 
for X direction, and also by the second CCD 16' for Y 
direction and the second CCD 17' for X direction. 
Therefore, for example, based on output signals from the 
first CCD 16 for Y direction and the first CCD 17 for X 
direction, not only a position of the wafer mark WM but 
also a position of the wafer W can be detected with high 
accuracy . 

[0037] Meanwhile, when detecting a low step mark, as 
shown in full lines in the drawing, the optical path 
length correction member 46* is positioned in the optical 
path between the half prism 45 and the second XY split 
half prism 15" . As a result, a mark image having high 
contrast is detected respectively in a front focus state 
by the first CCD 16 for Y direction and the first CCD 17 
for X direction, and in a rear focus state by the second 
CCD 16' for Y direction and the second CCD 17' for X 
direction. Note that it is needless to say that the wafer 
mark WM is located on a focus plane of the first 
objective lens in both cases when detecting the ordinary 
step mark and when detecting the low step mark. 
[0038] In this manner, in the second embodiment, when the 
low step mark is detected, the so-called front focus 



state and rear state are formed simultaneously, and 
thereby a mark image having high contrast in each defocus 
state can be detected simultaneously. Therefore, based on 
a mean value of the first positional information of a 
mark image in a front focus state and the second 
positional information of a mark image in a rear focus 
state, a position of the wafer mark WM can be detected. 
Namely, the influence of telecentric shift accompanying 
defocus is corrected, and thereby a position of the wafer 
mark WM can be accurately and speedily detected. 
[0039] Fig. 5 schematically illustrates a part of a 
configuration of an alignment unit related to a third 
embodiment of the present invention. Note that the 
alignment unit in the third embodiment has a similar 
configuration to the alignment unit of the first 
embodiment, and other parts than the configuration shown 
in Fig. 5 are same as the configuration in the first 
embodiment. In the third embodiment, when detecting a low 
step mark, an afocal system 50 made up of uniaxial 
crystal such as calcite is inserted in an optical path of 
an imaging optical system, instead of driving the Z stage 
22 or the like, which is basically different from the 
first embodiment. In Fig. 5, the same references are 
labeled to the elements that have similar functions to 
the elements of the first embodiment. 

[0040] As have been described above, the alignment unit 
in Fig. 5, the afocal system 50 is disposed in a parallel 
optical path between a first objective lens 7 and a half 
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prism 6. The afocal system 50 is an afocal system of 
almost equal magnification which is made up of a 
combination of a positive lens 50a and a negative lens 
50b arranged in order from a wafer side. Fig. 6 
5 illustrates a direction of an optic axis of each lens 
making up the afocal system of Fig. 5. In Fig. 6, (a) 
shows a direction of an optic axis of the positive lens 
50a, and (b) shows a direction of an optic axis of the 
negative lens 50b, respectively. 

10 [0041] As shown in Fig. 6(a), the optic axis of the 
positive lens 50a is an "a" axis intersecting the optical 
axis AX and rotating 45 degrees in an anticlockwise 
direction in the drawing from an X axis within an XY 
plane perpendicular to the optical axis AX (parallel to a 

15 Z aixs) . On the other hand, the optic axis of the 
negative lens 50b is a M b" axis intersecting the optical 
axis AX and rotating 45 degrees in a clockwise direction 
in the drawing from the X axis within an XY plane 
perpendicular to the optical axis AX. In this manner, the 

20 directions of the optic axes of the respective lenses 
making up the afocal system 50 are orthogonal to each 
other, and are tilt 45 degrees with respect to the X 
direction and Y direction respectively, which are 
measurement directions . 

25 [0042] In the case of uniaxial negative crystal such as 
calcite, a refractive index No with respect to a normal 
wave is higher than a refractive index Ne with respect to 
an abnormal wave. Therefore, as shown in Fig. 7(a), with 



respect to a normal wave "o" which polarized light 
direction is perpendicular to a paper surface of the 
drawing and perpendicular to an optic axis of the 
positive lens 50a (the "a" axis) at the time of being 
incident on the positive lens 50a, the afocal system 50 
as a whole has a positive refractive power. And, a mark 
image is formed by the normal wave "o" on the index plate 
12 in a so-called front focus state. On the other hand, 
as shown in Fig. 7(b), with respect to an abnormal wave 
"e" which polarized light direction is perpendicular to a 
paper surface of the drawing and parallel to the optic 
axis of the positive lens 50a (the "a" axis) at the time 
of being incident on the positive lens 50a, the afocal 
system 50 as a whole has a negative refractive power. And, 
a mark image is formed by the abnormal wave "e" on the 
index plate 12 in a so-called rear focus state. 
[0043] However, if nothing is done, as described later, a 
mark image in a front focus state and a mark image in a 
rear focus state will overlap and cancel out each other 
on the index plate 12, and only a mixed image having low 
contrast can be obtained. For the reason, in a third 
embodiment, by arranging an afocal system 50 
eccentrically from the optical axis AX, a mark image in a 
front focus state and a mark image in a rear focus state 
are lost touch with each other along an eccentric 
direction. Fig. 8 shows that by arranging the afocal 
system 50 eccentrically from the optical axis AX, a mark 
image in a front focus state and a mark image in a rear 



focus state are lost touch with each other along the "a" 
axis as an eccentric direction. 

[0044] As shown in Fig. 8, when arranging the entire 
afocal system 50 eccentrically from the optical axis AX 
upward in the drawing along the "a" axis which is the 
optic axis of the positive lens 50a, the normal wave "o" 
and the abnormal wave "e" exit the afocal system 50 in an 
angle deflected in directions opposite to each other with 
respect to the optical axis AX. As a result, on the index 
plate 12, a mark image formed by the normal wave "o" in a 
front focus state and a mark image formed by the abnormal 
wave "e" in a rear focus state are lost touch with each 
other in a direction perpendicular to the optical axis AX, 
i.e. along the "a" axis. Fig. 9(a) and (b) shows that a 
mark image formed by the normal wave "o" in a front focus 
state and a mark image formed by the abnormal wave "e" in 
a rear focus state are shifted respectively on the index 
plates 12 due to eccentricity of the aflocal system 50 
along the "a" axis. 

[0045] As is shown in full lines in the Fig. 9(a), when 
the afocal system 50 is not arranged eccentrically with 
respect to the optical axis AX, a mark image by the 
normal wave "o" in a front focus state is formed almost 
symmetrically with respect to the X and Y axes. Note that 
in Fig. 9(a) shaded portions correspond to a peak of an 
image in a front focus state of a step mark, and blank 
portions in between the shaded portions correspond to a 
trough portion of ■ the image in a front focus state. 



Meanwhile, as is shown in full lines in the Fig. 9(b), 
when the afocal system 50 is not arranged eccentrically 
with respect to the optical axis AX, a mark image by the 
abnormal wave "e" in a rear focus state is also formed 
almost symmetrically with respect to the X and Y axes. 
Note that in Fig. 9(b) shaded portions correspond to a 
peak of an image in a rear focus state of a step mark, 
and blank portions in between the shaded portions 
correspond to a trough portion of the image in a rear 
focus state . 

[0046] As can be seen when referring to Figs. 9(a) and 
(b) , in a state when the afocal system 50 is not arranged 
eccentrically with respect to the optical axis AX, a mark 
image in a front focus state and a mark image in a rear 
focus state overlap and cancel out each other on the 
index plate 12, and only a mixed image having low 
contrast can be obtained. In this case, two mark images 
can be lost touch with each other by V~ 2/2 times of a 
pitch P on the index palte 12 by appropriately setting an 
eccentricity along the "a" axis of the afocal system 50. 
[0047] In other words, as shown in dash lines in Fig. 
9(a), a mark image by the normal wave "o" in a front 
focus state is moved by P/(2j~ 2) obliquely in an upper 
right direction along the "a" axis. And, as shown in dash 
lines in Fig. 9(b), a mark image by the abnormal wave "e" 
in a rear focus state is moved by P/(2>T2) obliquely in a 
lower left direction along the "a" axis. As a result, on 
the index plate 12, each peak and trough of the mark 



image by the normal wave "o" in a front focus state and 
each peak and trough of the mark image by the abnormal 
wave "e" in a rear focus state almost overlap 
respectively with respect to the X axis direction which 
is a measurement direction. In Fig. 9, the case is 
exemplified when a wafer mark WM is a one-dimensional 
mark for X measurement, however, if an eccentric state of 
the afocal system 50 is maintained, the same effects are 
obtained for a one-dimensional mark for Y measurement and 
a two-dimensional mark commonly used for X and Y 
measurements. In this manner, not only on the index plate 
12 but also on an image pickup plane, a mixed image 
having high contrast of a mark image in a front focus 
state and a mark image in a rear focus state is formed. 
Note that in Figs. 8 and 9, an eccentric direction of the 
afocal system 50 is an "a" axis direction, however, the 
eccentric direction of the afocal system 50 may be a "b" 
axis direction, and further may be directions other than 
the M a" and "b" axes directions. 

[0048] In this manner, also in the third embodiment, upon 
detection of a low step mark, by forming so-called front 
focus state and rear focus state simultaneously, a mark 
image having high contrast in each defocus state can be 
detected simultaneously. Therefore, based on a mean value 
of the first positional information of a mark image in a 
front focus state and the second positional information 
of a mark image in a rear focus state, a position of the 
wafer mark WM can be detected. Namely, by correcting the 
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influence of telecentric shift accompanying defocus, a 
position of the wafer mark WM can be detected with high 
accuracy and high speed. Note that it is needless to say 
that a wafer mark WM is located on a focus plane of the 
first objective lens in the third embodiment also. 
[0049] In the above first to third embodiments, with 
respect to a low step mark which can be regarded as a 
phase pattern, contrast of a mark image obtained in a 
best focus state (Z=0) is lowest. However, in the case 
when a reflectivity at a trough portion (S) of the step 
mark is different from a reflectivity at a peak portion 
(L) of the step mark due to the influence of a resist 
layer or the like, contrast of a mark image in a best 
focus state is not always lowest. For example, in the 
case when a reflectivity NS of a trough portion (S) and a 
reflectivity NL of a peak portion (L) of the step mark 
are greatly different, even for a low step mark, light 
intensity distribution similar to that for a bright/dark 
pattern can be obtained, and thereby a mark image having 
high contrast can obtained. 

[0050] In addition, in the case when the reflectivity NS 
of the trough portion (S) and the reflectivity NL of the 
peak portion (L) of the step mark are slightly different, 
as shown in Fig. 10, a changing mode of a light intensity 
difference AI (a difference between the maximum light 
intensity I max and the minimum light intensity I min ) of a 
mark image due to focus variation is not symmetry in a 
best focus state (Z=0) . In other words, as shown in Fig. 
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11, a light intensity difference Ale of a mark image in a 
defocus state of Z=-AZ is sometimes smaller than a light 
intensity difference Alb in a best focus state (Z=0) . 
[0051] In addition, a light intensity difference Ala of a 

5 mark image in a defocus state of Z=AZ and a light 
intensity difference" Ale of a mark image in a defocus 
state of Z=-AZ are sometimes not equal. Therefore, as in 
the first to third embodiments, when making a defocus 
amount corresponding to a front focus state equal to a 

10 defocus amount corresponding to a rear focus state, as 
shown in Fig. 11(c), a position detection of a mark image 
in a front focus state becomes impossible at times. 
[0052] For the reason, in a fourth embodiment of the 
present invention, as shown in Fig. 10, a defocus amount 

15 Z0 with which a light intensity difference is a minimum 
value Al min is used as an offset. Namely, as shown in Fig 

12, a first defocus amount Zl and a second defocus amount 
Z2 are defined as in the below equations (4) and (5) 
respectively . 

20 Zl = -AZ + Z0 (4) 

Z2 = AZ + ZO (5) 
[0053] Further, based on a position XI of a mark image in 
a state of the first defocus amount Zl and a position X2 
of a mark image in a state of the second defocus amount 

25 Z2, a position X0 of a mark image in a best focus state 
is obtained by the interpolation method. In this manner, 
based on the position XO, a mark position for which the 
influence of telecentric shift accompanying defocus is 
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corrected can be detected with high accuracy. Note that 
since a defocus amount ZO with which a light intensity 
difference AI is minimum depends on illumination a, a 
mark pitch P, a duty ratio and the like in addition to a 
reflectivity difference between a trough portion (S) and 
a peak portion (L) of the low step mark, in order to 
perform position measurement with respect to a mark image 
having maximum contrast for each mark, it is necessary to 
actually measure change of the light intensity difference 
AI in each defocus state in advance and obtain the 
defocus amount ZO based on the measurement results. 
[0054] In Fig. 12, the first defocus amount Zl and the 
second defocus amount Z2 are defined symmetry with 
respect to the defocus amount ZO. However, as shown in 
Fig. 13, the first defocus amount Zl and the second 
defocus amount Z2 can be defined asymmetry with respect 
to the defocus amount ZO. When referring to Fig. 11, it 
can be seen that contrast of a mark image in a rear focus 
state of Z=AZ is higher than contrast of a mark image in 
a front focus state of Z=-AZ. So, as shown in Fig. 13, it 
is also possible to define the first defocus amount Zl as 
AZ and the second defocus amount Z2 as AZ+Z' . 
[0055] In this manner, as shown in Fig. 13, two defocus 
states of Z=Z1 and Z=Z2 are formed. And, based on the 
position XI of a mark image in a state of the first 
defocus amount Zl and the position X2 of a mark image in 
a state of the second defocus amount Z2, the position XO 
of a mark image in a best focus state is obtained by the 
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extrapolation method. In this manner, based on the 
position XO, a mark position for which the influence of 
telecentric shift accompanying defocus is corrected can 
be detected with high accuracy. 

[0056] Note that in the fourth embodiment, in the case 
when employing the image detection method as in the first 
embodiment, first the Z stage 22 is moved until a defocus 
amount becomes the first defocus amount Zl, and next the 
Z stage 22 is moved until a defocus amount becomes the 
second defocus amount Z2 . Then, based on a mark image 
formed on an image pickup plane of CCD in each defocus 
state, a position of a mark can be accurately detected. 

[0057] Meanwhile, in the fourth embodiment, in the case 
when employing the image detection method as in the 
second or third embodiment, a state in which the Z stage 
22 is moved until a defocus amount becomes (Zl+Z2)/2 is 
regarded as an initial state. And, making the initial 
state as a standard, two desirable defocus states are 
foremd according to each embodiment. Then, based on a 
mark image formed on an image pickup plane of CCD in each 
defocus state, a position of a mark can be accurately 
detected. 

[0058] Note that in the fourth embodiment, when the 
influence of telecentric shift is small enough to be 
ignored, it is possible, as a matter of course, to select 
a mark image having higher contrast out of mark images in 
the first defocus state (Z=Z1) and the second defocus 
state (Z=Z2), and perform position detection of a mark 
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based on only the mark image having higher contrast. 
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f^ffl^&So w9LX, 2±lC*5t^T. t>^X 

mcD^-tmk&^is h77 hto^i^^^^^^^ 

0(7)fi'^*l6]Sr a tt*-[fi3£ LXI/^tJS, T^^- — 

5 oolB^^rffiKibtt^ffiixt J:v^L, ^^(CaW^J: 

T>* b *4JL^^C0^[p| X*> o X t> <fc t V 

[0 0 4 8] ^^J: 9 i:, K3Hi6Wl-i3i>xt,. (5:15 

««a k m t e v^c^tc jait s ^- ^ {toff? 2 fietsa £ 
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[0049] ±aicom i mmmibrnm 3 hhsm-ci*. <a 

— ^7^0# (Z = 0) l^bti^^— ^fgW^ > h^^ 

i^i^ai (s) irUj*B# 

(L) ir-es#t*ds»/ < cs»'&. 
<dt — ?&<d=^ M**fc{fi:< fcSirliPSfcft 

l\ fc<h;itf, (S) CO^&f^NS 

<tiii«B» (L) <7)Rat*pNL <*ft 

[0050] ais-^— (s) (OBLitm 
ns ^ojsr^ (D <z>km*nl k*mMzmte%i&& 20 

it-*- — ^<z>*&i;iti, 0 1 0 d^-Tcfc 9 ?m<D 

Zl = - A Z + Z0 
Z2 = AZ + Z0 
[0 0 5 3] LT, » 1 <D7*7X— #**Z1 tOWM 

Z2 <0*t«g(C*5JtS-^ — ^«<0{4«X2- tdX^^T. 

ft^ttlXO £##>5o w 9 IT, filXO 

0 te, fi^SI^-^^ffi^ (S) ^Uj^^ (l) t<o 

ttflg(c*3ttS5t3fiSSlA I <^^kSr&c>^i:«)|IIStc:»J 

[0 0 5 4] 11 2T*tt, «1t7^-*^1Z1 J3«t 
tfl2f7t- ^7^fiZ2 ^f7t-^^IZ0 KB8L 40 

*Z2 Sr^^^-^^lZOlcBULT^W^tca^-rs 
:HT'^ C 11 lSr#Sai-S«h. Z = - A Z<7)mj fc" 
>#:fiiJ; "9 fcz = A zogeyjRffi^S^-^tt^a 
7 F77 hasH^- <t j&S;bj&>§ 0 ^ZX\ Ml 3 (c^i" 
«t9t-. Ilr7*-*7iZl SrAZtU I2f7 
^--77^1[Z2 ^AZ + Z' <t-r£ ~ £ <bT*t 5 0 
[0 0 5 5] * 9 LT, IS 1 3 iZTT.-fX 9 Z = Zl 
*5J;U<Z = Z2 (7520(07^^^ — jJxftm&J&fS.'tZo 50 
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3t5SSHA I (ft*<7>jt8i]g I max <t »/h<D3teSiift 1 m i 

t^-tjxb^ (z = o) i-B8Lxstwicii>i(b<ct^ -r 

H] 1 1 iC^Fi-J: 9 1^ h77^- — ^7^ff$ (Z 

= 0) idstiz-?— ^flfe^jtSfiSSA lb «f9 4>, Z = 

a ic ^<45:^st,5 D 

[0 0 5 1 ] Z — A Z (D^f~7 $ 7> ^t^figl'ioij" 

5^ — ^ftCOT^^^HA I a <t x Z=-AZOf7t- 

« t c > # fig t c ft a -r § ^ 7 * - * * a t & m l < 5 

[0 0 5 2] *ZX\ *&w<D9$4nmmx*i*.\ El 10 

l-^i - <fc 9 Id, ^tS^SH^ft'J^^flS A Imin 1-^-5^^ 

[Hi 2 tC^i-J: 9 (d x ^ l to^-y* — 7J^SZ1 ^o^U 1 
»20r7t-*^tZ2 ^r, ^ti-^ixWTOS: (4) 
i3«tt/ (5) <o&o\z.WL&-*Z>o 

(4) 
(5) 

tit, s i <Df-7it— ij^mzi (ovtm^tert z-^— 

^f^coji^xi £ x ^2^f'7t-^^iZ2 co^^i^ 
*3(tS-^ — ^«offiHX2 <f:t^lo'^T 4 ^(D^mz 

[0 0 5 6] ^zfc, ^4^^!|tC^^T, » 1 HJSW^> 
^ii s Sl77^- *^iZl t37^^,^T'Z^^ — v?2 
fiZ2 (C3feS*-CZ^-r — >^2 2 ^^®b^-y:-5 0 

t, ccD<o»ttii3s*n5#f7^— *7«mi: 

[0 0 5 7] iB4HJfiW(C*5V^T, S2H»^ 

(i, ^r^* — (Zl +Z2 ) /2{wfe5*-CZ 
^x — v?2 2 Sr»»$itfc«ffiS:?U^J8i:i-5o 

2 o(7)Rffl(7)f 7 ^-^J ^ti^rMt 5o *LT, C 
C D cotg^® icjgrit S H 5 7 * - iJ *ty;m\c}3 5 

[0 0 5 8] »4HJfiWlCiot>r, 7^l/ir>hy 

3/^tt^i*tlW»*^4ft^u?#5Sffir**>ii(^ Sir 
7^- — TJ^^cfig (Z = Z1 ) ^J:l>*^2r'7^-7>^^ 
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m (z = Z2 ) (o?h-^—?t£<r>^> hv* h<D^\<^ 

[ o 0 5 9] SfcBjtel'KSL-CI*. \**t>yi>Z>Mt3i&t>-& 

£R (X) t*yK«*i:J;5^-^S:9W 
(x) t Lx *RI-»i-S9l^<Ofil[«"r*x (x-X) £ 

i£ofgl HJBW7!7MIB4 3lliEe*J(-Lfc^or^O{StS 10 
(X) Sr^^^—^^tzf^^T 1 ^^ h y 7^t4<7)fn 

[0 0 6 0] M>L^ib. giJR^uv^ h^J: 5 fcH 

v\ I'JROfiS (x) £!Ettl;i#fc5;:,M^t*ft<& 
So 0 14<D (b) (wT^-TJ; 5 Z = 0tD 

V\ — *\ 1U14CO (a) *3j;rj« (c) (C^-TJ: 9 Id, 

z = zi *3itj ? z = z2 toT?*— % ^vzmx'&mtptp 
[006 1 ] ^wcDmsmMMzmimmm 

*t5o ^lt, wora«tt<£>ffi:« cs) ic^-rs^x 
cotg^tfim (x) t$£T*mR<omiGLm u) 30 

*<Z>^# (x-X) ^iy^-r^o wWJ:94Jgffi^^- 

[0 0 6 2] £i\ ±^Wffi«*ffilC|«LTIi, Jg«S'< 
^-Vfife^ffiB (S) (Z»i-S3feROt@*Ma« (X) £ 
Slf7t- (Z = Z1 ) fcJ:(;i27 :: '7t- 
#*:Rffi (Z = Z2 ) -C*#> (XI , X2 ) , ±Rc7)^ 
-^&1X0 (= (XI + X2 ) /2) ^*i()5o - 40 
S\ BJR^SftlUlwRLTJi, ¥sMm<D{iLW: (S) Id 
#^5BUR<^tB*M£« (x) tLT, ^7h7t~i?^ 
#t«g (Z = 0) ld:feMtai'IR<^— ^ffiSxO £r;£i£ 

nmm<Dm y A (xo -xo) srssfsa^w-jwi-s^i:^ 

[0 0 6 3] jfcis, ±aj(7?«5||jfij5ijr*ii, ±R<£>tee 

«ffl«:i-SIRtC, XI tX2 t^^^^fToT^5 0 
L^L*^<b. SUHfef^J: XI <bX2 tizm 
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[oo6 4] ±j$(D&nmmT*&, *«w^7 7 

'MM^bflll::, jEU>X^I/>X^^/^77^- 
[0 0 6 5] 

imi] *«woigi ntfiw^^^sr^^^ > hasa 

[0 2] (SSSS^aixw— ^WMlcWi-ST 5 ^^- — ^7^ 

[EI 3] if Wio I ilft*!^ ffMt 5 1 
[04] *|gM^»2|liffi09ic^^sr7-f ^ > hSg« 
[05] *3gM^S3HjSfiOT(w*^ST7>r> >- 
[06] 05<£>T^;*— 5 0 SrtBjSi-S^-uvX 
[i7] IU5(7)r^^ — ^7/u^5 0(7?tPffl(cJ: <9 , mjt e 

[08] a I4^|:^oT77 t-^/^ 5 0 ^iiA 

<D^-?t&tfrmm£^zm^$:^-tmx£>z> 0 

[[D 1 0 ] -e — ^«(D3t5Sffi^A 1 b7* — *X 

b# (z = o) \zm\^xttmzi±tebte\,^M$:^-rmxtb 
[mil] #7^-— ^^ttjet-iatts^— ^«o*;sss 

[01 2] z = 0 icWL-C^JtW^, ^ 1 (DT'y* — t> 
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